Inflammation plays a key role in the pathogenesis of cardiovascular disease (1 ) . The concentration of C-reactive protein (CRP), 3 an inflammatory marker, was a significant predictor of cardiovascular disease in many, but not all, prospective studies. Recently, the CDC and the American Heart Association released a consensus statement about the use of CRP testing to assess risk for cardiovascular disease (2 ) .
To date, the best data about the distribution of CRP concentrations among US women have come from the Women's Health Study (WHS) (3 ) . However, these women were not a representative sample of US women: those Ͻ45 years of age were not included, ϳ95% of participants were white, and all participants were health professionals. To build on the previous knowledge of the distribution of CRP among US women, we analyzed data from the National Health and Nutrition Examination Survey (NHANES) 1999 -2000 with the following three objectives: (a) to describe the distribution of CRP concentration among adult women representative of the US population, including different age and racial or ethnic groups; (b) to estimate the proportions and numbers of adult women at high risk for cardiovascular disease based on their CRP concentrations; and (c) to examine correlates of CRP concentrations among women.
Materials and Methods
NHANES 1999 -2000 participants are a representative sample of the noninstitutionalized civilian US population (4 ) . Participants were interviewed at home and were invited to attend the mobile examination center to complete additional questionnaires, undergo various examinations, and provide a blood sample. Persons with low incomes, persons >60 years of age, African Americans, and Mexican Americans were oversampled. The study received human subjects approval from the CDC, and participants signed an informed consent form.
After processing of blood samples, serum samples were frozen, stored at Ϫ20°C, and shipped to the University of Washington Medical Center (Seattle, WA), where CRP concentrations were measured by latex-enhanced nephelometry (N High Sensitivity CRP assay) on a BN II nephelometer (Dade Behring Inc.) (5 ) . Two levels of control materials from Bio-Rad Laboratories, Inc. were used for quality control, and CV ranged from 4.9% to 7.8%. The means for the control materials were 1.67 and 3.82 mg/L for samples analyzed during an initial 9-month period and 1.84 and 3.95 mg/L for a subsequent 12-month period.
We examined the CRP concentration distribution by age and by race or ethnicity. In addition, we examined the relationships between CRP concentration and education, smoking status, total cholesterol concentration, systolic blood pressure, waist circumference, alcohol use, hormone replacement therapy, glucose concentration, insulin concentration, c-peptide concentration, and glycated hemoglobin concentration.
Although the focus of our study was on women, we did compare CRP concentrations between men and women. We also examined the differences between men and women, using data from NHANES III in addition to the data from NHANES 1999 -20000. In NHANES III, CRP was measured by latex-enhanced nephelometry, a low-sensitivity test. A more detailed description of CRP measurements in NHANES III has been published previously (6 ) .
We limited our analyses to women and men Ն20 years of age who attended the mobile examination center. We calculated a detailed percentile distribution of CRP concentration for all women, for six age groups (20 -29, 30 -39, 40 -49 , 50 -59, 60 -69, and Ն70 years), and for three race or ethnic groups (white, African American, and Mexican American). We also calculated percentiles for women who were not using hormone replacement therapy because its use may increase CRP concentrations. We recalculated the percentiles after excluding women with concentrations Ͼ10 mg/L because such increased concentrations may be attributable to conditions other than cardiovascular disease. We used SAS 8.02 to generate weighted percentiles of the CRP concentration distribution using the mobile examination center sampling weights. To estimate the numbers of women at high risk for cardiovascular disease based on their CRP concentrations, we applied the proportions of women with a CRP concentration Ͼ3 mg/L to the number of US women reported from the 2000 census.
To examine correlates of CRP, we performed linear regression analyses using log-transformed CRP concentration as the dependent variable to improve its skewed distribution. Three analyses were conducted. The first included all women with complete data for age, race or ethnicity, education, smoking status, total cholesterol concentration, systolic blood pressure, waist circumference, alcohol use, and hormone replacement therapy. The second was limited to nonpregnant women who participated in the morning examination and fasted Ն8 h and for whom measurements of glucose, insulin, c-peptide, and glycated hemoglobin concentrations were made. In the third analysis, we examined whether sex was an independent predictor of CRP concentration after adjusting for the variables listed included in the first analysis. We used SUDAAN for regression analyses of log-transformed CRP concentration among the four race or ethnic groups.
Results
A total of 2205 women and 1940 men Ն20 years of age had a value for CRP concentration, and 375 women had a CRP concentration Ͼ10 mg/L. CRP ranged from 0.1 to 296.0 mg/L ( Table 1 ). The geometric mean (SE) concentration was 2.4 (0.1) mg/L, and the median was 2.7 mg/L.
We were able to determine hormone replacement therapy status for 2044 women, of whom 506 reported ever using hormone replacement therapy and 257 reported currently using such therapy. The unadjusted geometric mean CRP concentration was 3.8 mg/L (age-adjusted, 3.4 mg/L) among the 257 current users, 2.8 mg/L (ageadjusted, 2.5 mg/L) among the 249 former users, and 2.2 mg/L (age-adjusted, 2.3 mg/L) among the 1787 women who did not use such therapy (Wald F-test, P Ͻ0.001). Compared with women who currently used hormone replacement therapy, only women who had never used such hormones had a significantly lower CRP concentration (t-test, P Ͻ0.001 from linear regression).
Percentiles of CRP concentration for all women and women who did not use hormone replacement therapy are shown in Table 1 . The median CRP concentration was highest among women 50 -59 years of age. Whites had a lower age-adjusted geometric mean (2.3 mg/L) than either African Americans (3.1 mg/L; t-test, P ϭ 0.007) or Mexican Americans (3.5 mg/L; t-test, P Ͻ0.001). Unadjusted geometric mean concentrations were 2.3 mg/L among white women, 3.0 mg/L among African-American women, and 3.2 mg/L among Mexican-American women. Among women who did not report using hormone replacement therapy, the age-adjusted geometric means were 2.2 mg/L (unadjusted, 2.1 mg/L) among white women, 3.1 mg/L (unadjusted, 3.0 mg/L) among AfricanAmerican women, and 3.4 mg/L (unadjusted, 3.2 mg/L) among Mexican-American women. We also present the distribution of CRP after excluding participants with a CRP value Ͼ10 mg/L. The median concentration decreased to 2.1 mg/L for white women, 2.3 mg/L for African-American women, and 2.8 mg/L for MexicanAmerican women (Table 2) .
Among all women, 24.5% had a CRP concentration Ͻ1 mg/L, 29.7% had a concentration of 1-3 mg/L, 31.8% had
a concentration Ͼ3 to 10 mg/L, and 14.0% had a concentration Ͼ10 mg/L (Table 3 ). When we excluded women who were currently taking hormone replacement therapy, the respective percentages were 26.7%, 30.1%, 30.2%, and 13.0%. The age-specific percentages of women with a CRP concentration Ͼ3 mg/L are shown in Fig. 1 .
In univariate linear regression analysis, log-transformed CRP was not significantly associated with fasting time (Wald F-test, P ϭ 0.783). In our first multiple regression model, we included all women with complete data for CRP concentration and independent variables. Log-transformed CRP concentration was significantly associated with race or ethnicity and hormone replacement therapy use (Table 4) . Mexican-American women had a higher concentration than white women, and users of hormone replacement therapy had a higher concentration than those who did not use such therapy. Women who had not completed high school tended to have a higher concentration than those with more than a high school education. In addition, total cholesterol concentration, systolic blood pressure, and waist circumference were all significantly and positively associated with CRP concentration. Although the Wald F-statistic for alcohol use was not significant (P ϭ 0.210), the t-test suggested that women who reported having more than seven drinks per month vs those who had less than one drink per month had a lower CRP concentration. In a model limited to women with a CRP concentration Յ10 mg/L, results were similar (data not shown).
In our second set of analyses, we examined a model limited to women Ն20 years of age who were not pregnant, attended the morning examination, had fasted Ն8 h, and had measurements for triglyceride, glucose, insulin, c-peptide, and glycated hemoglobin concentrations. Several differences between this model and the previous one were present (Table 4) . Race or ethnicity (Wald F-test, P ϭ 0.157), educational status (Wald F-test, P ϭ 0.425), and total cholesterol concentration were not significantly associated with CRP concentration. Systolic blood pressure, waist circumference, and triglyceride concentration were significantly and positively associated with CRP concentration. Glucose concentration was not a significant predictor, however. When we used the same set of covariates except glucose concentration, the insulin (t-test, P ϭ 0.122), c-peptide (t-test, P ϭ 0.204), and glycated hemoglobin (t-test, P ϭ 0.765) concentrations were not significantly associated with CRP concentration. In regression analyses that adjusted for age only, glucose (t-test, P ϭ 0.006), insulin (t-test, P Ͻ0.001), c-peptide (t-test, P Ͻ0.001), and glycated hemoglobin (t-test, P Ͻ0.001) concentrations were all significantly associated with CRP concentration. After adjustment for age and waist circum- ference, glucose and glycated hemoglobin concentrations were no longer significantly associated with CRP concentration, but insulin and c-peptide concentrations were. When we added triglyceride concentration to the model, neither insulin nor c-peptide concentration was significantly associated with CRP concentration. Women had a higher CRP concentration than did men in unadjusted linear regression analysis and after adjustment for age, race or ethnicity, education, smoking status, total cholesterol concentration, triglyceride concentration, systolic blood pressure, and waist circumference. After we excluded women who currently used hormone replacement therapy, the adjusted geometric mean was 1.4 mg/L for men and 2.5 mg/L for women (t-test, P Ͻ0.001). Among participants with a CRP concentration Յ10 mg/L, the adjusted geometric mean concentration was 1.2 mg/L among men and 1.9 mg/L among women (t-test, P Ͻ0.001). Among white participants with a CRP concentration Յ10 mg/L, the adjusted geometric mean concentration was 1.2 mg/L among men and 1.9 mg/L among women (t-test, P Ͻ0.001).
In addition, we compared the age-adjusted proportions of men and women who had a CRP concentration Ͼ3 to 10 mg/L in NHANES III and NHANES 1999 -2000 after excluding women who reported using hormone replacement therapy (Fig. 2) . In NHANES III, 16.4% of men (n ϭ 7334) and 21.9% of women (n ϭ 7679) had a CRP concentration Ͼ3 to 10 mg/L (P Ͻ0.001). In a logistic regression model from which participants with a CRP concentration Ͼ10 mg/L and women who reported currently using hormone replacement therapy were excluded, the odds ratio for having a CRP concentration Ͼ3 mg/L was 2.07 [95% confidence interval (CI), 1.73-2.46] for women compared with men after adjustment for age, race or ethnicity, education, smoking status, total cholesterol concentration, systolic blood pressure, waist circumference, and alcohol use. In NHANES 1999 -2000, 22.1% of men (n ϭ 1940) and 30.6% of women (n ϭ 1787) had a CRP concentration Ͼ3 to 10 mg/L (P Ͻ0.001; multipleadjusted odds ratio, 2.59; 95% CI, 1.96 -3.42).
Discussion
We have provided a detailed analysis of the distribution of CRP concentration among US women. Major strengths of this study include the representativeness of these women of adult US women, the inclusion of AfricanAmerican and Mexican-American women, and the use of a high-sensitivity CRP assay. Recommendations for measuring CRP concentration to assess the risk for coronary heart disease specify Ͼ3 mg/L as the high-risk category for both men and women (2 ) . Approximately 25.7% of women Ն20 years of age, representing ϳ26.8 million women, did not report currently using hormone replacement therapy and had a CRP concentration Ͼ3 to 10 mg/L. An additional 11.0%, representing ϳ11.5 million women who did not report using hormone replacement therapy, had a CRP concentration Ͼ10 mg/L. The CRP concentrations representing the cut points for the percentiles that divide the distribution in the range 0.1-10 mg/L into thirds among women who did not report using hormone replacement therapy are consistent with the cut points proposed by the CDC/American Heart Association statement about inflammatory markers (2 ) . The literature about possible differences in CRP concentration distribution among men and women is inconclusive. In the largest study, the median concentrations were in close agreement between US men and women (3 ). CRP concentrations were higher among women than men in NHANES 1999 -2000, however; previously, we reported that the median concentration among men Ն20 years of age was 1.6 mg/L (7 ). In our present analyses of the same survey, the median concentration was 2.5 mg/L among women Ն20 years of age who did not use hormone replacement therapy. We also showed that the proportion of women who had a CRP concentration Ͼ3 mg/L was significantly higher than that among men in NHANES III. Thus, in two nationally representative surveys separated by ϳ8 -9 years, a larger percentage of women had a high CRP concentration than men. Other US studies have also reported that CRP concentrations were higher among women than men (8 -10 ) . Among European populations, men and women had similar median CRP concentrations (11 ) . Some of the inconsistency among studies may reflect the different sociodemographic composition of the samples, differences in the prevalence of CRP correlates such as smoking and obesity, and the inclusion and exclusion criteria for selecting study participants. For example, women of the WHS were health professionals, whereas women in NHANES represent all walks of life. Almost 95% of women in the WHS were white, in contrast to NHANES, which included substantial numbers of African-American and Mexican-American women because they were oversampled. In the WHS, 12.6% of women reported smoking, and the mean body mass index was ϳ26 kg/m 2 (12 ) . In NHANES 1999 -2000, 21.5% of women reported currently smoking, and the mean body mass index was 28.2 kg/m 2 . Few data have been available about racial or ethnic differences among women in the US (6, 13, 14 ) . In the present study, we showed that Mexican-American women had a higher adjusted CRP concentration measured with a high-sensitivity assay than did white women. African-American women had a higher ageadjusted geometric mean concentration than white women, but the difference was no longer significant after adjustment for potential confounders. The higher CRP concentrations among Mexican-American women than white women could indicate that Mexican-American women are at increased risk for cardiovascular disease, especially if their risk functions for cardiovascular disease are similar to those of other women.
The results from our analysis of NHANES 1999 -2000 data also showed significant differences among CRP concentrations based on use of hormone replacement therapy and was suggestive of differences according to educational status. Significant associations also existed between CRP and body mass index, waist circumference, total cholesterol concentration, triglyceride concentration, and systolic blood pressure. We did not find significant independent associations with age, smoking status, alcohol use, insulin concentration, glycated hemoglobin concentration, and c-peptide concentration. Previous studies of correlates of CRP concentration, such as those we included in our study, among women have produced inconsistent results for many correlates (6, 8 -10, 13-40 ) .
Perhaps the major limitation of our study is the crosssectional study design, which limits the interpretation of cause and effect of the associations we found. Unfortunately, our sample size was not sufficient to report CRP concentration distributions for women of other Hispanic ethnicities or of other races or ethnicities. Although our study included some of the largest numbers of nonwhite participants to date, a larger sample size would have allowed us to perform more detailed analyses. Future studies with larger sample sizes of nonwhite women would be helpful to better examine racial or ethnic differences in distributions and determinants of CRP concentration.
In conclusion, our results should further the understanding of the distribution and correlates of CRP concentration among US women. Additional studies of CRP among US women of other races or ethnicities could help to improve understanding of the distribution and correlates of CRP among growing population groups.
